Backgrounds/Aims: Pure laparoscopic living donor right hemihepatectomy (PLDRH) has been performed in many experienced centers. However, portal vein variations still remain challenging thus disturbing the widespread of PLDRH in many centers. PLDRH when integrated with 3-dimensional laparoscopy and indocyanine green (ICG) near-infrared fluorescence cholangiography is safe and feasible. Methods: We reviewed 19 donors with separated right anterior and right posterior portal veins who underwent living donor right hemihepatectomy between January 2014 and December 2016. We compared the clinical outcomes of PLDRH and conventional open right hemihepatectomy (CDRH). Results: 6 donors (31.6%) underwent PLDRH while 13 donors (68.4%) underwent CDRH. There was no intraoperative complications, transfusions and open conversions in the PLDRH donors. The total operative time was longer in PLDRH (356.5 vs. 244.5 minutes, p=0.003). However, the length of hospital stay (8.5 vs. 9.0 days, p=0.703), blood loss (450.0 vs. 393.6 ml, p=0.557) and complication rate (16.6% vs.27.3%; p=0.327) did not differ between the two groups. Conclusions: PLDRH is safe and feasible in donors with type II and III portal vein variations. Further prospective comparative studies are needed to prove the safety and efficacy of PLDRH. (Ann Hepatobiliary Pancreat Surg 2019;23:313-318)
INTRODUCTION
Laparoscopic surgery is widely and diversely utilized in various surgical areas providing several advantages compared to open surgery in terms of faster postoperative recovery, shorter hospital stays, and better cosmetic outcomes. 1, 2 Laparoscopic hepatectomy has developed relatively slowly compared to other abdominal surgeries due to the long learning curve, technical difficulties, risk of bleeding and questionable long-term outcomes. However, recent studies have reported excellent results of laparoscopic liver resection. Since then, utilization of laparoscopy in liver resection has gradually expanded. 3, 4 Great concerns have been raised regarding the application of pure laparoscopic living donor hepatectomy in living donor liver transplantation. This is attributed to the technical challenges of the procedure and concerns regarding donor safety. 5 Several studies from highly specialized centers reported satisfactory outcomes of pure laparoscopic living donor hepatectomy for adults. However, most of these studies are based on donors selected under strict selection criteria. [6] [7] [8] [9] Anatomical variations of the portal vein represent a major obstacle to pure laparoscopic donor hepatectomy. Type II and III variations of the right portal vein represent a major obstacles in donor surgery and can be a reason for donor exclusion since additional manipulations of the liver graft is required such as venoplasty or grafting. In addition, bile duct variation can also be accompanied. 
MATERIALS AND METHODS

Study design
Donor evaluation
The donor evaluation process practiced at Seoul National University Hospital is described in details elsewhere. 10, 11 Dynamic triphasic computed tomography (CT) and magnetic resonance cholangiography (MRCP) using specific contrast media (PRIMOVIST) were taken to confirm the preoperative anatomic variation.
Surgical procedure
The surgical technique of PLDRH has been described elsewhere. 11 The donor was placed supine, with legs apart, On the back table, Y-graft from recipient is used in Table 1 summarizes the baseline characteristics of both groups. There was no significant difference between laparoscopic and open living donors. 
Preoperative characteristics of the donors
Post-operative outcomes of the donors
Recipient outcomes
The baseline characteristics and perioperative outcomes of the recipients are described in Table 3 . There was no significant difference between the two groups regarding baseline clinical characteristics including age, sex, etiology, Child-Pugh and MELD score. In the PLDRH group, Y-grafts were used in thee (50%) recipients and three (50%) recipients underwent direct venoplasty. Y-grafts were used in seven (53.8%) recipients in the CDRH group while direct venoplasty was performed six (46.2%) recipi-
ents.
There was no significant difference in the operative time have great concern that related with the large abdominal Several studies from highly specialized centers reported satisfactory outcomes of PLDRH. However, these studies emphasized the importance of careful selection of appropriate donors for this approach. Furthermore, most of these studies report that donors with portal vein or hepatic duct anatomical variations or marginal liver grafts are considered unsuitable for PLDRH. [6] [7] [8] [9] PLDRH was first performed in 2015 at the SNUH. 15 The center is highly experienced in adult LDLT with different anatomical variations providing excellent outcomes. At the same time, laparoscopic hepatectomy for hepatic neoplasm is frequently performed at this center with great experience.
This allowed for the easy and rapid adoption of PLDRH.
With accumulating experience, more than 90% of PLDRH are currently performed via pure laparoscopic approach. 8, 16 In this study, the safety and feasibility of PLDRH in The graft quality in laparoscopic donor hepatectomy may be inferior compared to its open counterpart in regards to the graft vasculature length. Therefore, the presence of a highly skilled recipient team is essential to allow for safe graft implantation. In this study, in the PLDRH group, Y-grafts were used in three recipients and direct venoplasty was performed in three other recipients. In the CDRH group, Y-grafts were used in seven recipients in the CDRH group and direct venoplasty was performed in six recipients. One patient in the PLDRH group and two patients in the CDRH group underwent vascular intervention due to portal vein stenosis and/or thrombosis.
These recipients fully recovered after the radiological interventions.
This study has some limitations. First, the number of donors included is small. However, this issue is related to the lack of PLDRH in donor with anatomic variations.
Moreover, the retrospective nature of the study may have some selection bias. This is related to that the cases with anatomical variation tends to be easily approached by the conventional open approach. In addition, this study is a single center experience with considerable experience in open liver surgery and LDLT.
In conclusion, PLDRH is a technically challenging procedure requiring several complex laparoscopic techniques.
The presence of portal vein variations adds on further challenges. The current series support the safety and feasibility of PLDRH for donors with type II and III portal vein variations by surgeons with great experience in laparoscopic hepatobiliary surgery and LDLT.
